Dry heat was used to inactivate Salmonella newington, Salmonella typhimurium, Salmonella anatum, Salmonella kentucky, Salmonella cubana, Salmonella seftenberg, Salmonella thompson, and Salmonella tennessee in corn flour at 10 and 15% moisture. The flour was spray inoculated at 105 Salmonella cells per g and then stored at 490C (120°F); viable Salmonella cells were counted on Trypticase (BBL Microbiology Systems) soy agar plates every 30 min for the first 4 h and then at 4-h intervals for 20 additional h of storage. After 24 h, 99 .9% of all Salmonella cells were killed. S. thompson and S. tennessee were more resistant to heat inactivation than the other serotypes. Naturally occurring contamination by Salmonella spp. in dry food products could be significantly reduced with this treatment.
As a means of combating malnutrition in underdeveloped countries, the U.S. Food for Peace Program has been donating a high-protein, dry food product known as CSM that contains corn meal, soy flour, and nonfat dry milk.
One of the difficulties encountered with this product has been the occasional presence of Salmonella contamination. This contamination causes a serious health hazard to consumers and also a potential economic loss to the manufacturer because of reprocessing costs or total rejection of the product. Several studies on ways to alleviate Salmonella contamination have focused on heat as a means of inactivating the pathogen. Blankenship (1) found that Salmonella contamination in beef roasts could be eliminated if all parts of the roast were heated to 145°F (62.8°C) or above. Goepfert and Biggie (3) examined Salmonella contamination in milk chocolate and found that heating from 70 to 90°C would effectively reduce this contamination but that the reduction times varied with individual Salmonella serotypes. Northolt et al. (4) found that egg white stored for 2 weeks, at 55 and 49°C, respectively, gave a 6-to 7-decimal reduction in test organisms. Bookwalter et al. (2) have shown that heating CSM to 43 and 49°C for 12.7 and 9.5 days, respectively, will destroy Salmonella spp. The present study was designed to determine the thermal reduction times of eight Salmonella serotypes when a high-quality (elite) corn flour was inoculated and given a dry-heat treatment at 49°C (120°F).
MATERIALS AND METHODS
The following Salmonella 24 h. At 24 h before testing, one loopful of cells from a slant of each serotype was added to 100 ml of Trypticase soy broth and incubated at 37°C. The resultant cell suspension was then centrifuged at 5,000 rpm for 15 min. The supernatant was drawn off, and the pellet was suspended in 99 ml of 0.1% peptone. This suspension (see Table 1 ) was then placed in an atomizer, and 25 ml of the suspension was sprayed onto 1,000 g of an elite corn flour at a 15% moisture level. The choice to use the elite corn flour as a model system instead of CSM in this experiment was based both on the physical properties of the flour and the natural microflora level present. In comparison with CSM, the elite corn flour showed similar physical characteristics but had a lower level of natural microflora. This enabled us to obtain more accurate Salmonella cell counts above 102 cells per g. The cell counts below this level were slightly exaggerated because of natural microflora but were compensated for in the data. Mixing was conducted in a low-speed Hobart model G mixer over a 5-min period. After initial mixing, the sides of the mixer bowl and the beaters were cleaned, and the mixing was continued for another 5 min. Next, the flour was sifted through a U.S. Standard no. 16 wire screen to break up any clumps and mixed for another 5-min period. All mixing was carried out in a standard laboratory hood vented into an incinerator. The inoculated flour was then dispersed in 50-g quantities into 4-oz (ca. 120-ml) sample bottles and stored in 49 and 25°C incubators. All equipment used in the study was sterile. The decision to study the inactivation at 49°C was based on our earlier findings (2) that Salmonella cells could VOL. 42, 1981 be killed in a dry food product by storing the material at 49°C for 10 days, with no nutritional damage to the product. Test samples were removed from storage at 30-min intervals for the first 4 h, at 5.5 h, and at 4-h intervals from 8 to 24 h. Control samples were removed at 0, 5.5, and 24 h. After removal from storage, serial dilutions were prepared, and all samples were plated on Trypticase soy agar and incubated at 37°C for 24 h. Viable counts per gram of flour were then recorded.
This entire process was then repeated with 10% moisture elite corn flour and S. anatum and S. seftenberg.
RESULTS AND DISCUSSION A comparison of the theoretical initial inoculum level with the observed level is shown in Table 1 . The theoretical initial inoculum level was calculated from viable cell levels in the spray suspension. The discrepancy between these levels demonstrated that the mechanical processes of spraying and mixing reduced serotype survival. Also, based on control observations at ambient temperature (25°C) ( Table 2) , a low moisture level in the flour contributed to cell reduction. At ambient temperature, the S. seftenberg control on 10% moisture flour required 80.4 h for 99% reduction, whereas the same serotype on 15% moisture flour required 107.4 h for 99% reduction.
Our experimental data ( Fig. 1, 2, and 3) showed that over the 24-h observation period, four of the serotypes (S. newington, S. anatum, S. typhimurium, and S. kentucky) dropped below detectable levels when plated on Trypticase soy agar. The remaining serotypes were detected, but only 0.1% or less of the original population was recovered. Thermal reduction times (time necessary to decrease from 105 to 103 cells per g) for all Salmonella serotypes are shown in Table 2 . These rates were computed based on data in Fig. 1, 2 
